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SEMICONDUCTOR INTEGRATED CIRCUIT 
WITH MULTIPLE SELECTIVELY 

ACTIVATED SYNCHRONIZATION CIRCUITS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor inte 
grated circuit provided on a semiconductor chip, and in 
particular, to a semiconductor integrated circuit operable in 
synchronization With an external clock signal supplied from 
outside the semiconductor chip. 

2. Description of the Related Art 
Conventionally, in a structure in Which a semiconductor 

integrated circuit formed on a semiconductor chip operates 
in synchronization With an external clock signal supplied 
from outside the semiconductor chip, a synchronization 
circuit such as a PLL (Phase-Locked Loop) circuit is used 
for outputting an internal clock signal in synchronization 
With the external clock signal. The internal clock signal 
output by the synchronization circuit is supplied to a plu 
rality of functional blocks formed on the semiconductor 
chip. 

HoWever, it is dif?cult to completely uniformalize the 
distances betWeen the synchronization circuit and each of 
the plurality of functional blocks due to various constrains in 
laying out the synchronization circuit and the plurality of 
functional blocks on the semiconductor chip. In the case 
Where the distances betWeen the synchronization circuit and 
each of the plurality of functional blocks are different from 
one another, the transfer delays of the internal clocks to the 
functional blocks vary. Such differences generate a skeW of 
the internal clock signal. The higher the frequency of the 
external clock signal is, the more serious the skeW is. 

SUMMARY OF THE INVENTION 

A semiconductor Integrated circuit provided on a semi 
conductor chip according to the present invention includes a 
?rst synchronization circuit for receiving an external clock 
signal supplied from outside the semiconductor chip and 
outputting a ?rst internal clock signal synchronized With the 
external clock signal and usable inside the semiconductor 
chip; a second synchronization circuit for receiving the ?rst 
internal clock signal and outputting a second internal clock 
signal synchronized With the ?rst internal clock signal and 
usable inside the semiconductor chip; and a functional block 
operable in synchronization With the second internal clock 
signal. 

In one embodiment of the invention, the ?rst synchroni 
zation circuit has a ?rst setup time period from When an 
operation start is requested until the ?rst synchronization 
circuit starts a synchronization operation, the second syn 
chronization circuit has a second setup time period from 
When an operation start is requested until the second syn 
chronization circuit starts a synchronization operation, and 
the second setup time period is shorter than the ?rst setup 
time period. 

In one embodiment of the invention, the ?rst synchroni 
zation circuit has a function of adjusting a duty ratio of the 
?rst internal clock signal. 

In one embodiment of the invention, the second synchro 
nization circuit is a mirror delay-type DLL (Delayed-Locked 
Loop) circuit including a circuit for advancing a phase of the 
second Internal clock signal. 

In one embodiment of the invention, the semiconductor 
integrated circuit further includes at least one other second 
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2 
synchronization circuit so as to include a plurality of second 
synchronization circuits; at least one other functional block 
so as to include a plurality of functional blocks; and a 
selection circuit for selecting at least one of the plurality of 
functional blocks in accordance With a functional block 
selection signal. The plurality of second synchronization 
circuits each receive the ?rst internal clock signal and output 
a second internal clock signal synchronized With the ?rst 
internal clock is signal and usable inside the semiconductor 
chip. The plurality of functional blocks are each operable in 
synchronization With the second internal clock signal Which 
is output from one second synchronization circuit, among 
the plurality of second synchronization circuits, Which cor 
responds to each of the functional blocks. The plurality of 
second synchronization circuits are selectively activated in 
accordance With the functional block selection signal. 

In one embodiment of the invention, the plurality of 
functional blocks include memory cell array blocks each 
including a roW-system circuit for receiving a roW address 
and a column-system circuit for receiving a column address. 
The roW-system circuit is operable in response to the func 
tional block selection signal. The column-system circuit is 
operable in response to the second internal clock signal. 

According to the present invention, a ?rst internal clock 
signal synchronized With an external clock signal is output 
by a ?rst synchronization circuit, and a second internal clock 
signal synchronized With the ?rst internal clock signal is 
output by a second synchronization circuit. The second 
internal clock signal is supplied to a functional block. The 
second synchronization circuit can be located at any position 
on a semiconductor chip. By locating the second synchro 
nization circuit in the vicinity of the functional block, 
generation of a skeW of the second internal clock signal is 
avoided regardless of the position of the functional block on 
the semiconductor chip. 

In one embodiment a ?rst synchronization circuit having 
a ?rst setup time period and a second synchronization circuit 
having a second setup time period Which is shorter than the 
?rst setup time period can be used. In the case Where a 
synchronization circuit having a relatively long setup time 
(e.g., a PLL circuit) and a synchronization circuit having a 
relatively short setup time (e. g. a mirror delay-type DLL 
circuit) are combined, the semiconductor integrated circuit 
operates at a higher speed than in the case Where the same 
type of synchronization circuits having a relatively long 
setup time period are combined. 

In another embodiment, the duty ratio of the ?rst internal 
clock signal can be adjusted to an appropriate value 
(typically, 1:1) by the ?rst synchronization circuit. Once the 
duty ratio of the ?rst internal clock signal is adjusted to be 
an appropriate value in the semiconductor chip, the 
probability, that the duty ratio of the second internal clock 
signal based an the ?rst internal clock signal changes in the 
semiconductor chip can be ignored in practice. Accordingly, 
adjustment of the duty ratio of the second internal clock 
signal can be omitted by adjusting the duty ratio of the ?rst 
internal clock signal. This alloWs a synchronization circuit 
Which does not have a function of adjusting the duty ratio of 
the second internal clock signal to be used as the second 
synchronization circuit. 

In still another embodiment, the phase of the second 
internal clock signal can be advanced by the mirror delay 
type DLL circuit. Thus, the phase of the second internal 
clock signal at a speci?ed position on the semiconductor 
chip supplied With the second internal clock signal and the 
phase of the ?rst internal clock signal input to the second 
synchronization circuit can be matched to each other. 
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In still another embodiment, a plurality of second syn 
chroniZation circuits are selectively activated in accordance 
With a functional block selection signal. Thus, the number of 
second synchronization circuits in an active state can be 
minimiZed. As a result, an increase in the poWer consump 
tion of the semiconductor integrated circuit can be pre 
vented. 

In still another embodiment, a semiconductor integrated 
circuit Which includes a memory cell array block and 
prevents an increase in the poWer consumption can be 
provided. 

Thus, the invention described herein makes possible the 
advantages of providing (1) a semiconductor integrated 
circuit for alloWing an internal clock signal synchroniZed 
With an external clock signal to be supplied to functional 
blocks arranged on arbitrary positions on the semiconductor 
chip Without generating a skeW of the internal clock signal; 
(2) a semiconductor integrated circuit operable at a high 
speed in synchroniZation With an external clock signal; and 
(3) a semiconductor integrated circuit operable at a loW 
poWer consumption in synchroniZation With an external 
clock signal. 

This and other advantages of the present invention Will 
become apparent to those skilled in the art upon reading and 
understanding the folloWing detailed description With refer 
ence to the accompanying ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a structure of a 
semiconductor integrated circuit in one example according 
to the present invention; 

FIG. 2 is a timing diagram illustrating operation timing of 
the semiconductor integrated circuit shoWn in FIG. 1; 

FIG. 3 is a timing diagram illustrating a change in 
operation states of memory cell array blocks in the semi 
conductor Integrated circuit shoWn in FIG. 12 

FIG. 4 is a block diagram illustrating a structure of a 
mirror delay-type DLL circuit usable in the semiconductor 
Integrated circuit shoWn in FIG. 1; 

FIG. 5 is a block diagram illustrating another structure of 
a mirror delay-type DLL circuit usable in the semiconductor 
integrated circuit shoWn in FIG. 1: 

FIG. 6A is a block diagram 
con?guration of a PLL circuit; 

FIG. 6B is a block diagram 
con?guration of a DLL circuit; 

illustrating a representative 

illustrating a representative 

FIG. 7 is a block diagram illustrating an alternative 
structure of a semiconductor integrated circuit according to 
the present invention; and 

FIG. 8 is a block diagram illustrating an another alterna 
tive structure of a semiconductor integrated circuit accord 
ing to the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

Hereinafter, the present invention Will be described by 
Way of illustrative examples With reference to the accom 
panying draWings. 

FIG. 1 is a block diagram illustrating a structure of a 
semiconductor integrated circuit 100 in one example of the 
present invention. The semiconductor integrated circuit 100 
is provided on a semiconductor chip 1. 

The integrated circuit 100 operates in synchroniZation 
With an external clock signal EXTCLK supplied from out 
side the semiconductor chip 1. The external clock signal 
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4 
EXTCLK is, for example, a system clock signal. The 
external clock signal EXTCLK is input to a PLL circuit 15 
via an external clock signal input section (IN) 14. 

The PLL circuit 15 receives the external clock signal 
EXTCLK and outputs a ?rst internal clock signal INTCLKl 
synchroniZed With the external clock signal EXTCLK. The 
?rst internal clock signal INTCLKl is used inside the 
semiconductor chip 1. 
The ?rst internal clock signal INTCLKl output from the 

PLL circuit 15 is supplied to DLL (Delayed-Locked Loop) 
circuits 6 and 7 via an Internal clock signal line 10 and In 
also supplied to DLL circuits 8 and 9 via an internal clock 
signal line 11. The internal clock signal INTCLKl is input 
to the PLL circuit 15 via a feedback line 27. 
The internal clock signal INTCLKl input to the PLL 

circuit 15 via the feedback line 27 is used for synchroniZa 
tion With the external clock signal EXTCLK. Thus, the 
frequency and phase of the internal clock signal INTCLKl 
at an arbitrary point on the internal clock signal line 10 for 
transferring the ?rst Internal clock signal INTCLKl (for 
example, a point 102 In the vicinity of the DLL circuits 6 and 
7) is alloWed to be synchroniZed With the frequency and 
phase of the external clock signal EXTCLK. 

The DLL circuits 6 through 9 each receive the ?rst 
internal clock signal INTCLKl and output a second internal 
clock signal INTCLK2 synchroniZed With the ?rst internal 
clock signal INTCLKl. The second internal clock signal 
INCLK2 to used inside the semiconductor chip 1. 
The second internal clock signal INCLK2 output from the 

DLL circuit 6 is supplied to a memory cell array block 
(MAB) 2 via an internal clock signal line 23. The second 
internal clock signal INTCLK2 output from the DLL circuit 
7 is supplied to a memory cell array block (MAB) 3 via an 
internal clock signal line 24 The second internal clock signal 
INTCLK2 output from the DLL circuit a is supplied to a 
memory cell array block (MAB) 4 via an internal clock 
signal line 25. The second internal clock signal INTCLK2 
output from the DLL circuit 9 is supplied to a memory cell 
array block (MAB) 5 via an internal clock signal line 26. 
The memory call array blocks 2 through 5 operate in 

synchroniZation With the second internal clock signal 
INTCLK2. 
The memory cell array block 2 includes a memory cell 

array (MA) 2a including a plurality of memory cells, a 
roW-system circuit (ROW) 2b operating in response to a roW 
address, and a column-system circuit (COL) 2c operating in 
response to a column address. Although not shoWn, the 
roW-system circuit 2b includes a roW address decoder, a 
Word line driving circuit, and a sensing ampli?er. Although 
not shoWn, the column-system circuit 2c includes a column 
address decoder, a column selection circuit, and a data router 
circuit. Amemory cell, among the plurality of memory calls 
included in the memory cell array 2a, Which is determined 
by the roW-system circuit 2b and the column-system circuit 
2c, it accessed. 

The memory cell array blocks 3 through 5 each have 
similar structures as that of the memory cell array block 2. 
As described above, in the semiconductor integrated 

circuit 100, the ?rst internal clock signal INTCLKl syn 
chroniZed With the external clock signal EXTCLK is output 
by the PLL circuit 15, and the second internal clock signal 
INTCLK2 synchroniZed With the ?rst internal clock signal 
INTCLKl is output by each of the DLL circuits 6 through 
9. The second internal clock signal INTCLK2 output by 
each of the DLL circuits 6 through 9 is supplied to each of 
the memory cell array blocks 2 through 5. The DLL circuits 
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6 through 9 each can be located at an arbitrary position on 
the semiconductor chip 1. By locating the DLL circuits 6 
through 9 respectively in the vicinity of the memory cell 
array blocks 2 through 5 generation of a skeW of the second 
internal clock signal INTCLK2 in prevented regardless of 
the positions of the memory cell array blocks 2 through 5. 

The ?rst internal clock signal INTCLKl output by the 
PLL circuit 15 is supplied to a data input/output (DATA I/ O) 
section 20 via an internal clock signal line 17. The data 
input/output section 20 operates in synchroniZation With the 
?rst internal clock signal INTCLKl. 

The data input/output section 20 is used for outputting 
data Which to read from any one of the memory cell array 
blocks 2 through 5 to an external data bus 120 via an internal 
data signal line 21 and for inputting data from the external 
data bus 120 to any one of the memory cell array blocks 2 
through 5 via the internal data signal line 21. 

The ?rst internal cloak signal INTCLKl is further sup 
plied to an address information input section (ADD) 12 and 
to a block selection information input section (SEL) 13. The 
address information input section 12 and the block selection 
information input section 13 operate in synchroniZation With 
the ?rst internal clock signal INTCLK1. 

The address information input section 12 takes in address 
information from a packet input circuit (PAC) 112 in 
response to the ?rst internal clock signal INTCLKl. The 
address information is, for example, 16-bit data. The address 
Information input section 12 outputs an address AD based 
on the address information. The address AD is supplied to 
the memory cell array blocks 2 through 5 via an address bus 
19. The address AD includes a raW address and a column 
address. 

The block selection information input section 13 takes In 
block selection information from the packet input circuit 112 
in response to the ?rst Internal clock signal INTCLKl. The 
block selection information is, for example, 2-bit data. The 
block selection information input section 13 outputs a block 
selection signal BL based on the block selection informa 
tion. The block selection signal BL Is supplied to the 
memory cell array blocks 2 through 5 and the DLL circuits 
6 through 9 via the block selection signal line 18. 

The packet input circuit 112 receives a prescribed number 
of packets (for example, four packets) from an external bus 
110 and analyses the contents of the prescribed number of 
packets. As a result, the packet input circuit 112 provides 
address information to the address information input section 
12 and block selection information to the block selection 
information input section 13. The external bus 110 is, for 
example, a 5-bit bus. By inputting information to the semi 
conductor chip 1 using a prescribed number of packets in 
this manners the bit Width of the external bus 110 can be 
reduced. 

Table 1 shoWs the relationship betWeen the block selec 
tion information and the memory cell array block selected 
by the block selection signal BL. In the example shoWn in 
Table 1, the block selection information is 2-bit data. In 
Table 1, the 0th bit of the block selection information is 
represented as “B0” and the 1st bit of the block selection 
information is represented as “B1”. 

TABLE 1 

Block BO 0 O 1 1 
selection B1 0 1 O 1 
information 
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TABLE 1-continued 

Selection by Memory Memory Memory Memory 
block cell cell cell cell 
selection array array array array 
signal block block block block 
BL 2 3 4 5 

For example, When block selection information (B0, 
B1)=(0, 0), the memory call array block 2 is selected by the 
block selection signal BL. In this manner, one of the 
memory cell array blocks 2 through 5 is selected in accor 
dance With the values of the block selection information (B0, 
B1). 

In accordance With the values of the block selection 
information (B0, B1), one of the DLL circuits 6 through 9, 
Which corresponds to the selected memory cell array block, 
is activated. 

For example, When the memory cell array block 2 is 
selected by the block selection signal BL, the DLL circuit 6, 
Which corresponds to the memory cell array block 2, is 
activated. The activated DLL circuit 6 starts operating. Thus, 
the DLL circuit 6 starts operating in accordance With a level 
change in the block selection signal BL. As a result, the DLL 
circuit 6 generates the second internal clock signal 
INTCLK2 synchroniZed With the ?rst internal clock signal 
INTCLKl and starts outputting the second internal clock 
signal INTCLK2. The DLL circuits 7 through 9 correspond 
ing to the memory cell array blocks 3 through 5 Which are 
not selected by the block selection signal BL are not 
activated. That is, the DLL circuits 7 through 9 are in a pause 
state. Accordingly, the second internal clock signal 
INTCLK2 is not output from the DLL circuits 7 through 9. 
As described above, the DLL circuits 6 through 9 are 

activated in accordance With the block selection signal EL. 
In other Words, the DLL circuit corresponding to the 
memory cell array block selected by the block selection 
signal BL (i.e., memory call array block in an operation 
state) is activated and the DLL circuits corresponding to the 
other memory call array blocks (i.e., memory cell array 
blocks in a Wait state) are not activated Due to such a system, 
the number of DLL circuits in an activated state is mini 
miZed. As a result an increase in the poWer consumption of 
the semiconductor integrated circuit 100 can be prevented. 
Where a setup time period required for setting up the PLL 

circuit 15 (i.e., the time period from When an operation start 
is requested until the PLL circuit 15 actually starts a syn 
chroniZation operation) is T51, and a setup time period 
required for setting up the DLL circuits 6 through 9 (i.e., the 
time period from When an operation start in requested until 
the DLL circuits 6 through 9 actually start a synchroniZation 
operation) is T52, TS2<TS1. That is, the setup time period of 
the DLL circuits 6 through 9 is shorter than the setup time 
period of the PLL circuit 15. For example the setup time 
period of the PLL circuit 15 is several hundred clock cycles 
Whereas the setup time period of mirror delay-type DLL 
circuits (described later With reference to FIG. 4) is only 2 
clock cycles. 

In the case Where a synchroniZation circuit having a 
relatively long setup time period (e.g., the PLL circuit) and 
a synchroniZation circuit having a relatively short setup time 
period (e.g.. mirror delay-type DLL circuit) are combined, 
the semiconductor integrated circuit 100 operates at a higher 
speed than in the case Where the same type of synchroni 
Zation circuits having a relatively long setup time period are 
combined. 
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Combining the same type of synchronization circuits 
having a relatively short setup time is advantageous for 
operating the semiconductor integrated circuit 100 at a high 
speed, but a synchroniZation circuit having a relatively short 
setup time (e.g., mirror delay-type DLL circuit) has a 
disadvantage of not having a function of adjusting the duty 
ratio of the internal clock signal at the present art level. A 
synchroniZation circuit preferably has a function of adjust 
ing the duty ratio since the duty ratio of the internal clock 
signal is preferably 1:1. Accordingly, at the present art level, 
it is optimum to combine a synchroniZation circuit having a 
relatively long setup time period but having a function of 
adjusting the duty ratio of the internal clock signal and a 
synchroniZation circuit having a relatively short setup time 
period. 

The PLL circuit 15 has a function of adjusting the duty 
ratio of the ?rst internal clock signal INTCLK1 (i.e., the 
ratio of the period during Which the ?rst internal clock signal 
INTCLK1 is at a HIGH level With respect to the period 
during Which the signal INTCLK1 is at a LOW level). The 
PLL circuit 15 adjusts the duty ratio of the ?rst internal clock 
signal INTCLK1 to an appropriate value (typically, 1:1). 

Once the duty ratio of the ?rst internal clock signal 
INTCLK1 is adjusted to an appropriate value in the semi 
conductor chip 1, the probability that the duty ratio of the 
second internal clock signal INTCLK2 based on the ?rst 
internal clock signal INTCLK1 changes in the semiconduc 
tor chip 1 can be ignored in practice. Accordingly, adjust 
ment of the duty ratio of the second internal clock signal 
INTCLK2 can be omitted by adjusting the duty ratio of the 
?rst internal clock signal INTCLK1 by the PLL circuit 15. 
This permits the use of DLL circuit having no function of 
adjusting the duty ratio of the second internal clock signal 
INTCLK2 as the DLL circuits 6 through 9. 

For eXample, a mirror delay-type DLL circuit does not 
have a function of adjusting the duty ratio of the second 
Internal clock signal INTCLK2, unlike the PLL circuit 15. 
One advantage of the mirror delay-type DLL circuit is that 
it has a very short setup time period, Which can be utiliZed 
by using such a mirror delay-type DLL circuit as each of the 
DLL circuits 6 through 9 in combination With the PLL 
circuit 15. 

When, for eXample, the mirror delay-type DLL circuit 
described later With reference to FIG. 4 is used, the second 
internal clock signal INTCLK2 is synchroniZed With the ?rst 
internal clock signal INTCLK1 in 2 clock cycles after the 
DLL circuit starts operating in response to the block selec 
tion signal BL. Thus, the operation of the DLL circuit 6 
through 9 can be started at a high speed by using the 
synchroniZation circuits having a relatively short setup time 
period as the DLL circuit 6 through 9. 

FIG. 2 is a timing diagram illustrating operation timing of 
the semiconductor integrated circuit 100. As described 
above, the ?rst internal clock signal INTCLK1 is synchro 
niZed With the eXternal clock signal EXTCLK by the PLL 
circuit 15. 

Starting from time T1, four packets PACKET are input to 
the packet input circuit 112 from the external bus 110 in 
synchroniZation With the external clock signal EXTCLK. 
The four packets PACKET include address information, 
block selection information, and other information (for 
eXample, information indicating read/Write control) 
At time T2, the packet input circuit 112 generates N-piece 

commands COMMAND#1 through COMMAND#N based 
on the contents of the four packets PACKET. Herein, “N” 
indicates an integer of 1 or more. The commands COM 
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MAND#1 through COMMAND#N are used for accessing 
the memory cell array blocks 2 through 5. For eXample, the 
command COMMAND#1 is address information, and the 
command COMMAND#2 is block selection information. 
At time T3, the level of the block selection signal BL is 

changed from LOW to HIGH. In response to the change, one 
of the memory cell array blocks 2 through 5 is selected, and 
one of the DLL circuits 6 through 9 corresponding to the 
selected memory cell array block is also selected. As a result, 
the roW-system circuit included in the selected memory cell 
array block starts operating, and the selected DLL circuit 
starts operating. 

In the case Where the selected DLL circuit is a mirror 
delay-type circuit, the selected DLL circuit starts outputting 
the second internal clock signal INTCLK2, Which is syn 
chroniZed With the ?rst internal clock signal INTCLK1, 2 
clock cycles after time T3. 
The column-system circuit included in the selected 

memory cell array block starts operating after the selected 
DLL circuit starts outputting the second Internal clock signal 
INTCLK2. 
As described above, in the selected memory cell array 

block, the roW-system circuit starts operating and then the 
column-system circuit starts operating. The roW system 
circuit starts operating in response to the block selection 
signal BL because the roW-system circuit does not need to 
be synchroniZed With the high-speed clock signal. The 
column-system circuit, Which needs to operate in synchro 
niZation With the second internal clock signal INTCLK2, 
starts operating after the selected DLL circuit starts output 
ting the second internal clock signal INTCLK2 synchro 
niZed With the ?rst internal clock signal INTCLK1. 
The selected DLL circuit starts operating in response to 

the block selection signal BL. 
In order to operate the selected memory cell array block 

normally, the setup time period of the selected DLL circuit 
(represented as “T5” in FIG. 2) needs to ful?ll the condition 
of being shorter than an operation margin time period 
(represented as “ M” in FIG. 2) of the selected memory cell 
array block. The setup time period of the selected DLL 
circuit refers to the time period required from When the 
selected circuit starts operating until When the second inter 
nal clock signal INTCLK2, synchroniZed With the ?rst 
internal clock signal INTCLK1, is supplied to the selected 
memory array block. The operation margin time period 
refers to the time period required from When the roW-system 
circuit starts operating until When the column-system circuit 
starts operating. 
The roW-system circuit requires a prescribed time period 

to complete the operation because the roW-system circuit 
activates a memory cell connected to the roW (Word line), 
the address of Which has been input. The column-system 
circuit activates the selected memory cell, and reads and 
Writes data. Accordingly, the column-system circuit cannot 
start operating until the roW-system circuit completes the 
operation. 
As described above, in the case Where a mirror delay-type 

circuit is used, time period TS is only 2 clock cycles. 
Therefore, the condition of time period TS<time period TM 
is easily ful?lled. Thus, the selected memory cell array block 
operates normally. 
As can be appreciated, When one of the memory cell array 

blocks 2 through 5 starts operating the address AD has 
already been input to the memory cell array block from the 
address information input section 12 via the address bus 19. 
Thus, the memory cell corresponding to the address AD can 
be accessed. 
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FIG. 3 is a timing diagram illustrating a change in 
operation states of the memory call array blocks 2 through 
5. 

At time T21, When the memory cell array block 2 and the 
DLL circuit 6 are selected by the block selection signal BL, 
the operation of the roW-system circuit 2b in the memory 
cell array block 2 and the operation of the DLL circuit 6 
(setup operation) are started. 
At time T22, the operation of the column-system circuit 2a 

in the memory cell array block 2 is started. At or before time 
T22 (preferably, before time T22), the output of the second 
internal clock signal INTCLK2 synchroniZed With the ?rst 
internal clock signal INTCLKl from the DLL circuit 6 is 
started. 

At time T23, the operation of the memory cell block array 
2 and the operation of the DLL circuit 6 are terminated. 

From time T21 to time T23, the memory cell array blocks 
3 through 5 and the DLL circuit 7 through 9 do not operate. 

Thereafter, another memory cell array block and the 
corresponding DLL circuit are selected by the block selec 
tion signal BL in a similar manner. The memory array blocks 
2 through 5 are selected in an arbitrary order. 

The number of the DLL circuits in the operation state can 
be minimiZed by operating only the selected DLL circuit 
among the DLL circuits 6 through 9 and putting the other 
DLL circuits into a pause state as described above. Such a 
manner of operation prevents Wasted poWer consumption by 
the DLL circuits in a Wait state. Consequently, the poWer 
consumption of the semiconductor integrated circuit 100 is 
signi?cantly reduced. The effect of reducing the poWer 
consumption is especially remarkable When the setup time 
period of the DLL circuits 6 through 9 is relatively short 
because the operation time of the DLL circuits 6 through 9 
can be signi?cantly shortened. 

FIG. 4 is a block diagram illustrating a structure of a 
mirror delay-type DLL circuit 400, Which can be used as 
each of the DLL circuits 6 through 9. 

Such a mirror delay-type DLL circuit is described in, for 
example, “A 2.5 ns Clock Access 250 MHZ 256 Mb 
SDRAM With a Synchronous Mirror Delay, 1996 IEEE 
International Solid-State Circuits Conference, pp. 
374—375”. 

The mirror delay-type DLL circuit 400 includes a clock 
signal input section 31, a phase adjusting section 32, a mirror 
delay section 33 and a clock signal output section 34. 

The clock signal input section 31 is, for example, an input 
buffer. The clock signal output section 34 is, for example an 
output driver. Herein, the delay amount of the clock signal 
by the clock signal input section 31 is d1, and the delay 
amount of the clock signal by the clock signal output section 
34 is d2. 

Aprescribed delay amount by the phase adjusting section 
32 can be set to an appropriate value. Herein, the delay 
amount by the phase adjusting section 32 is set to be (d1+d2), 
for example. 

The mirror delay circuit 33 includes 2 m-piece unit delay 
elements 40a-1 through 40a-m and 40b-1 through 40b-m, 
and a delay setting circuit 41 for controlling the m-piece 
sWitching elements 42-1 through 42-m to be on or off in 
accordance With the output from the clock signal input 
section 31. Herein, “m” is an integer of 1 or more. 

The delay setting circuit 41 turns on one of the sWitching 
elements 42-1 through 42-m so that the delay amount of the 
clock signal by one or more unit delay elements 40a-1 
through 40a-m included in the mirror delay circuit 33 is 
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(tCK—(d1+d2)) and turns off the other (m-1)-piece sWitching 
elements. Therein, “tCK” refers to 1 clock cycle of the clock 
signal. 

For example, When the delay amount by the unit delay 
elements 4a-1 and 40a-2 equals (tCK—(d1+d2)), the delay 
setting circuit 41 turns on the sWitching element 42-2 and 
turns off the sWitching elements 42-1 and 42-3 through 
42-m. In this case, the delay amount of the clock signal by 
the unit delay elements 40b-1 and 40b-2 also equals (tCK 
(d1+d2)) because the clock signal is transferred in the mirror 
delay circuit 33 in the order of the unit delay element 4061-1, 
the unit delay element 4061-2, the sWitching element 42-2, 
the unit delay element 40b-2, and the unit delay element 
40b-1. 

The sum D of the delay amounts generated by the transfer 
of the clock signal from an input terminal 36 to an output 
terminal 35 is found by expression 

Expression (1) indicates that a clock signal delayed by 2 
clock cycles With respect to the clock signal input to the 
input terminal 36 is output from the output terminal 35. 
By the mirror delay-type DLL circuit 400, 2 clock cycles 

after a clock signal is input to the input terminal 36, a clock 
signal having the same phase an the input clock signal is 
output from the output terminal 35. The mirror delay-type 
DLL circuit 400 requires the shortest time period for syn 
chroniZing the input clock signal and the output clock signal 
(i.e., setup time period) among existing DLL circuits. 
The mirror delay-type DLL circuit 400 does not have the 

function of adjusting the duty ratio of the cloak signal, but 
such a disadvantage can be compensated for When being 
combined With a synchroniZation circuit having such a 
function (e.g., the PLL circuit 15 shoWn in FIG. 1). For 
example, after the duty ratio of the ?rst internal clock signal 
INTCLKR is adjusted to be an appropriate value by the PLL 
circuit 15, the adjusted ?rst internal clock signal INTCLKl 
can be input to the mirror delay-type DLL circuit 400. In this 
manner, an advantage of the mirror delay-type DLL circuit 
400 of a very short setup time period can be utiliZed. 
The use of the mirror delay-type DLL circuit 400 alloWs 

the second Internal clock signal INTCLK2 synchroniZed 
With the ?rst internal clock signal INTCLKl to be supplied 
to each of the memory cell array blocks 2 through 5. 

In a practical design, the delay amount by the phase 
adjusting section 32 is set to be (d1+d2—ot) instead of 
(d1+d2). This means that the phase of the clock signal output 
from the mirror delay-type DLL circuit 400 by a period 
corresponding to a delay amount CL. The delay amount 0t is 
determined by the transfer delay from the mirror delay-type 
DLL circuit 400 to the memory call array block. Thus, the 
phase of the ?rst internal clock signal INTCLKl input to the 
mirror delay-type DLL circuit 400 and the phase of the 
second internal clock signal INTCLK2 supplied to the 
memory cell array block are alloWed to match each other. 

Alternatively, the phase of the clock signal output by the 
mirror delay-type DLL circuit 400 can be advanced by the 
mirror delay circuit 33. 

FIG. 5 is a block diagram illustrating another structure of 
a mirror delay-type DLL circuit 500 Which can be used as 
each of the DLL circuits 6 through 9 shoWn in FIG. 1. In 
FIG. 5. identical elements an those described With reference 
to FIG. 4 bear identical reference numerals thereWith, and 
detailed descriptions thereof Will be omitted. 
The mirror delay-type DLL circuit 500 is structured so as 

to output a clock signal from a connection point P betWeen 
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the unit delay elements 40b-1 and 40b-2. The clock signal 
output from the connection point P is then output from an 
output terminal 38 via a clock signal output section 37. The 
clock signal output section 37 is, for example, an output 
driver. The delay amount of the clock signal by the clock 
signal output section 37 is assumed to be d2 as the delay 
amount by the clock signal output section 34. 

Comparing the clock signal output from the output ter 
minal 35 and the cloak signal output from the output 
terminal 38, the phase of the latter is advanced With respect 
to the former by a period corresponding to the delay amount 
by the unit delay element 40b-1. This occurs because the 
former passes through the unit delay element 40b-1, Whereas 
the latter does not pass through the unit delay element 40b-1. 

By adjusting the position of the connection point P in the 
mirror delay circuit 33, the advancing amount of the clock 
signal output from the output terminal 38 can be adjusted. 
Herein, the position of the connection point P determined in 
consideration of the transfer delay from the mirror delay 
type DLL circuit 500 to the memory cell array block prior 
to the operation of the semiconductor integrated circuit 100. 

By supplying the clock signal output from the output 
terminal 38 to the memory array block as the second internal 

clock signal INTCLK2, the phase of the ?rst internal clock 
signal INTCLKl input to the mirror delay-type DLL circuit 
500 and the phase of the’second internal clock signal 
INTCLK2 supplied to the memory array block are alloWed 
to match each other. 

Alternatively, the clock signal output from the output 
terminal 35 and the clock signal output from the output 
terminal 38 can both be supplied to the memory cell array 
block. In this case, a circuit among a plurality of circuits 
included in the memory cell array block Which is located in 
the vicinity of the mirror delay-type DLL circuit can operate 
in synchroniZation With the clock signal output from the 
output terminal 35, and a circuit among a plurality of circuits 
Included in the memory cell array block Which is located far 
from the mirror delay-type DLL circuit can operate in 
synchroniZation With the clock signal output from the output 
terminal 38. Such a control increases an operation margin of 
each of the circuits included in the memory call array block. 
As a result, data can be transferred at a higher speed. 

In another alternative data can be read from the memory 
call array block in synchroniZation With the clock signal 
output from the output terminal 38, and the data can be 
transferred to the data input/output section 20 (FIG. 1) from 
the memory cell array block in synchroniZation With the 
clock signal output from the output terminal 35. Such an 
operation increases an operation margin of each of the 
circuits included in the semiconductor integrated circuit 100. 
As a result, data can be transferred at a higher speed. 

Table 2 shoWs a combination of a ?rst synchroniZation 

circuit and a second synchroniZation circuit, to Which the 
present invention is applicable. Herein, the ?rst synchroni 
Zation circuit refers to a synchroniZation circuit for output 
ting the ?rst internal clock signal INTCLKl synchroniZed 
With the external clock signal EXTCLK, and the second 
synchroniZation circuit refers to a synchroniZation circuit for 
outputting the second internal clock signal INTCLK2 syn 
chroniZed With the ?rst internal clock signal INTCLKl. 
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TABLE 2 

First Second 
synchronization synchronization 

Combination Number circuit circuit 

1 PLL PLL 
2 PLL DLL 
3 PLL MD-DLL 
4 DLL DLL 
5 DLL MD-DLL 
6 DLL MD-DLL 

In Table 2, “PLL” refers to a PLL circuit, “DLL” refers to 
a DLL circuit, and “MD-DLL” refers to a mirror delay-type 
DLL circuit. 
The PLL circuit represented as “PLL” in Table 2 outputs 

a clock signal synchroniZed With a reference clock signal by 
changing the frequency of an oscillation circuit in accor 
dance With a comparison result betWeen the phase of the 
reference clock signal and the phase of the clock signal 
output from the oscillation circuit. FIG. 6A shoWs a repre 
sentative con?guration of the PLL circuit. For example, the 
PLL circuit 15 shoWn in FIG. 1 can have the con?guration 
shoWn in FIG. 6A. 
The DLL circuit represented as “DLL” in Table 2 outputs 

a clock signal synchroniZed With the reference clock signal 
by adjusting the delay amount by a delay circuit in accor 
dance With a comparison result betWeen the phase of the 
reference clock signal and the phase of the clock signal 
output from the delay circuit. FIG. 6B shoWs a representa 
tive con?guration of the DLL circuit. For example, the DLL 
circuits 6 through 9 shoWn in FIG. 1 can each have the 
con?guration shoWn in FIG. 6B. 
The mirror delay-type DLL circuit represented as “MD 

DLL” in Table 2 is a DLL circuit including a mirror 
delay-type circuit. FIGS. 4 and 5 shoW representative con 
?gurations of the mirror delay-type DLL circuit. The DLL 
circuits 6 through 9 can each have the con?guration shoWn 
in FIG. 4 or 5. 

In the above-described example, the combination of a 
PLL circuit (PLL) used as the ?rst synchroniZation circuit 
and a mirror delay-type DLL circuit (MD-DLL) used as the 
second synchroniZation circuit (combination 3 in Table 2) is 
described. The present invention, hoWever, is not limited to 
such a combination. 

For example, in order to achieve an objective of “alloWing 
an internal clock signal synchroniZed With an external clock 
signal to be supplied to functional blocks arranged on 
arbitrary positions on the semiconductor chip”, an arbitrary 
combination (i.e., any of combinations 1 through 6) can be 
used. 

In order to achieve an objective of “operating at a high 
speed in synchroniZation With an external clock signal”, 
combination 3, 5 or 6 is preferably usable because use of a 
mirror delay-type DLL circuit having a relatively short setup 
time period is suitable for a high-speed operation. Combi 
nation 2 or 4 is also usable. These combinations provide a 
loWer operation speed than combinations 3, 5 or 6 but 
provide a higher operation speed than combination 1. 

Combination 6 is optimum for achieving a high-speed 
operation, but cannot adjust the duty ratio of the clock signal 
to an appropriate value (e.g., 1: 1) since the mirror delay-type 
DLL circuit does not have a function of adjusting the duty 
ratio of the clock signal. In consideration of the high-speed 
operation and the stable supply of a clock signal, combina 
tions 3 and 5 are preferable. 

Needless to say, in the case Where a synchroniZation 
circuit having a short setup time period and a function of 
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adjusting the duty ratio of the clock signal is developed In 
the future, the combination of such synchronization circuits 
Is optimum from the vieWpoint of the high-speed operation 
and the stable supply of a clock signal. 
As described above, FIG. 6A shoWs a representative 

con?guration of the PLL circuit. The PLL circuit includes a 
phase comparison circuit 130, a charge pump 132, and an 
oscillation circuit (VCO) 134. 

The phase comparison circuit 130 compares the phase of 
a reference clock signal FREF and the phase of a clock signal 
output from the oscillation circuit 134, and outputs a 
voltage-up signal VV or a voltage-doWn signal VD to the 
charge pump 132 in accordance With the comparison result. 
The charge pump 132 increases a control voltage VCTRL in 
response to the voltage-up signal VU and decreases the 
control voltage VCTRL in response to the voltage-doWn 
signal VD. The oscillation circuit 134 changes the frequency 
of the clock signal in accordance With the control voltage 
VCTRL. Such a feedback control outputs the clock signal F0 
synchroniZed With the reference clock signal FREP from the 
oscillation circuit 134. 
As described above, FIG. 6B shoWs a representative 

con?guration of a DLL circuit. The DLL circuit includes a 
phase comparison circuit 140, a charge pump 142, and a 
delay circuit (VCDL) 144. 

The phase comparison circuit 140 compares the phase of 
the reference clock signal FR and the phase of the clock 
signal F0 output from the delay circuit 144, and outputs 
voltage-up signal VU or the voltage-doWn signal VD to the 
charge pump 142 in accordance With the comparison result. 
The charge pump 142 increases the control voltage VCTRL in 
response to the voltage-up signal VU, and decreases the 
control voltage VCTRL in response to the voltage-doWn 
signal VD. The delay circuit 144 changes the delay amount 
in accordance With the control voltage VCTRL. Thus, the 
delay amount of the clock signal F0 output from the delay 
circuit 144 With respect to the reference clock signal FREF is 
changed. Such a feedback control outputs the clock signal 
F0 synchroniZed With the reference clock signal FREF from 
the delay circuit 144. 

FIG. 7 is a block diagram illustrating an alternative 
structure of the semiconductor integrated circuit according 
to the present invention. In FIG. 7, the semiconductor 
integrated circuit is represented by reference numeral 700. In 
FIG. 7, identical elements as those described With reference 
to FIG. I bear identical reference numeral thereWith, and 
detailed descriptions thereof Will be omitted. 
As shoWn in FIG. 7, a clock signal distribution section 

(DST) 16 is inserted betWeen the PLL circuit 15 and each of 
the internal clock signal lines 10 and 11. An OR circuit (OR) 
30 is inserted betWeen the PLL circuit 15 and each of 
feedback lines 27 and 28. 

The clock signal distribution section 16 outputs the ?rst 
internal clock signal INTCLKl to either one of the internal 
clock signal line 10 or 11 in accordance With the block 
selection signal BL. 

In the case Where the memory cell array block 2 and the 
DLL circuit 6, or the memory cell array block 3 and the DLL 
circuit 7 are selected by the block selection signal BL, the 
clock signal distribution section 16 outputs the ?rst internal 
clock signal INTCLKl to the internal clock signal line 10 
but not to the internal clock signal line 11. Thus, the ?rst 
internal clock signal INTCLKl is supplied to the DLL 
circuits 6 and 7 connected to the internal clock signal line 10. 

In the case Where the memory cell array block 4 and the 
DLL circuit 8, or the memory cell array block 5 and the DLL 
circuit 9 are selected by the block selection signal BL the 
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clock signal distribution section 16 outputs the ?rst internal 
clock signal INTCLKl to the internal clock signal line 11 
but not to the internal clock signal line 10. Thus, the ?rst 
internal clock signal INTCLKl is supplied to the DLL 
circuits 8 and 9 connected to the internal clock signal line 11. 
The ?rst internal clock signal INTCLKl output to the 

internal clock signal line 10 a input to the OR circuit via the 
feedback line 27. The ?rst clock signal INTCLKl output to 
the internal clock signal line 11 is input to the OR circuit 30 
via the feedback line 28. The OR circuit 30 performs an OR 
operation to the signal on the feedback line 27 and the signal 
on the feedback line 28, and outputs a signal indicating the 
operation result to the PLL circuit 15. 

Thus, When the ?rst internal clock signal INTCLKl is 
output to the internal clock signal line 10, the ?rst internal 
clock signal INTCLKl is feedback to the PLL circuit 15 via 
the feedback line 27 and the OR circuit 30. When the ?rst 
Internal clock signal INTCLKl is output to the internal 
clock signal line 11, the ?rst internal clock signal INTCLKl 
is feedback to the PLL circuit 15 via the feedback line 28 and 
the OR circuit 30. The ?rst internal clock signal INTCLKl 
feedback to the PLL circuit 15 is used for synchroniZation 
With the external clock signal EXTCLK. 

FIG. 8 is a block diagram of another alternative structure 
of the semiconductor integrated circuit according to the 
present invention In FIG. 5 the semiconductor integrated 
circuit is represented by reference numeral 800. In FIG. 8, 
identical elements as those described With reference to FIG. 
7 bear identical reference numeral thereWith, and detailed 
descriptions thereof Will be omitted. 
As shoWn in FIG. 8, a frequency division circuit (DIV) 51 

is inserted betWeen the PLL circuit 15 and the clock signal 
distribution section 16. 
The frequency division circuit 51 divides the frequency of 

the ?rst internal clock signal INTCLKl supplied from the 
PLL circuit 15 to generate a divisional internal clock signal 
INTCLKl‘. The divisional internal clock signal INTCLKl‘ 
is output to either one of the internal clock signal line 10 or 
11 by the clock signal distribution section 16. 

In a semiconductor chip having a dynamic random access 
a memory (DRAM) mounted thereon, data read from a 
memory cell is time-consuming. Accordingly, the frequency 
of an internal clock signal is usually loWer than the fre 
quency of an external clock signal. Therefore, it in especially 
suitable to the semiconductor chip having a dynamic random 
access memory (DRAM) mounted thereon to loWer the 
frequency of the ?rst internal clock signal INTCLKl using 
the frequency division circuit S1 as shoWn in FIG. 8. 

In the above-described examples, one memory cell array 
block and one DLL circuit are selected by the block selec 
tion signal BL. The present invention, hoWever, is not 
limited to such a structure. Aplurality of memory cell array 
blocks and a plurality of DLL circuits can be selected by the 
block selection signal BL. 

In the above-described examples, a memory cell array 
block is used as an exemplary functional block for perform 
ing a prescribed function. The present invention, hoWever, is 
not limited to such a structure. The present invention is 
applicable to any semiconductor integrated circuit other than 
memories. The second internal clock signal INTCLK2 can 
be supplied to any functional block other than a memory cell 
array block. 
According to the present invention, an internal clock 

signal synchroniZed With an external clock signal can be 
supplied to functional blocks arranged on arbitrary positions 
on the semiconductor chip Without generating a skeW of the 
internal clock signal. 
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According to the present invention, the semiconductor 
integrated circuit is operable at a high speed in synchroni 
Zation With an external clock signal. 

According to the present invention, the semiconductor 
integrated circuit is operable at a loW poWer consumption in 
synchronization With an external clock signal. 

Various other modi?cations Will be apparent to and can be 
readily made by those skilled in the art Without departing 
from the scope and spirit of this invention. Accordingly it is 
not intended that the scope of the claims appended hereto be 
limited to the description as set forth herein but rather that 
the claims be broadly construed. 
What is claimed is: 
1. Asemiconductor integrated circuit provided on a semi 

conductor chip, comprising: 
a ?rst synchroniZation circuit for receiving an external 

clock signal supplied from outside the semiconductor 
chip and outputting a ?rst internal clock signal syn 
chroniZed With the external clock signal and usable 
inside the semiconductor chip; 

a plurality of second synchroniZation circuits, each of the 
plurality of second synchroniZation circuits receiving 
the ?rst internal clock signal and outputting a second 
internal clock signal synchroniZed With the ?rst internal 
clock signal and usable inside the semiconductor chip; 

a plurality of functional blocks, each of the plurality of 
functional blocks being operable in synchroniZation 
With the second internal clock signal output from a 
corresponding one of the plurality of second synchro 
niZation circuits; and 

a selection circuit for selecting at least one of the plurality 
of functional blocks in accordance With a functional 
block selection signal, 
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Wherein the plurality of second synchroniZation circuits 

are selectively activated in accordance With the func 
tional block selection signal. 

2. A semiconductor integrated circuit according to claim 
1, Wherein the ?rst synchroniZation circuit has a ?rst setup 
time period from When an operation start is requested until 
the ?rst synchroniZation circuit starts a synchroniZation 
operation, each of the plurality of second synchroniZation 
circuits has a second setup time period from When an 
operation start is requested until the second synchroniZation 
circuit starts a synchroniZation operation, and the second 
setup time period is shorter than the ?rst setup time period. 

3. A semiconductor integrated circuit according to claim 
1, Wherein the ?rst synchroniZation circuit has a function of 
adjusting a duty ratio of the ?rst internal clock signal. 

4. A semiconductor integrated circuit according to claim 
1, Wherein at least one of the plurality of second synchro 
niZation circuits is a mirror delay-type DLL circuit including 
a circuit for advancing a phase of the second internal clock 
signal. 

5. A semiconductor integrated circuit according to claim 
1, Wherein: 

the plurality of functional blocks include memory cell 
array blocks each including a roW-system circuit for 
receiving a roW address and a column-system circuit 
for receiving a column address, 

the roW-system circuit is operable in response to the 
functional block selection signal, and 

the column-system circuit is operable in response to the 
second internal clock signal. 


